INTRODUCTION
The livestock sector plays an important role in food security of rural populations in Algeria. In the Saharan regions of the country, camels provide more than 33% of the meat consumed in southern Algeria (Adamou et al., 2009) . In these arid zones, camels are a good source of animal protein at a low cost compared with other domestic red meat species (Kadim et al., 2008) .
Camel meat is coarse, tough, watery, and rather sweet in taste compared with meats from other farm animals . Although the quality characteristics of camel meat are not as good as those from other animals, the demand, price, and consumption of camel meat is on the increase, both in Algeria (Adamou et al., 2009 ) and worldwide .
In Algeria, most livestock production involves animal management and production systems that are based on ancestral practices (Adamou, 2008; Benaissa et al., 2012) . In such traditional livestock herds, reproductive management practices are largely based on uncontrolled natural mating and unplanned cross-breeding programs. Because veterinary services in these systems are limited, pregnancy diagnosis is still traditionally based on farmer observation. Advanced techniques such as rectal palpation and ultrasonography are not used. This lack of routine pregnancy testing results in the slaughter of pregnant females and wastage of viable fetuses.
Fetal wastage in abattoirs hinders growth of the livestock population (Cadmus and Adesokan, 2010 Cadmus and Adesokan, 2010) , yet this subject has received little attention in Algeria. The slaughter of productive, clinically healthy animals at different stages of pregnancy and converting them into meat has been reported in other parts of the world. This practice is becoming a very serious constraint to future livestock populations (Fayemi and Muchenje, 2013) . The frequency of fetal wastage through slaughtering of pregnant animals has been reported for several animal species, including cattle (Ladds et al., 1975; Cadmus and Adesokan, 2010; Alhaji, 2011; Alawa et al., 2011) , sheep (Alosta et al., 1998; Kheradmand et al., 2006; Regassa et al., 2007) , goats (Alawa et al., 2011) , and camels (Ataja and Uko, 1994; Abubakar et al., 2010; Bello et al., 2012) .
The economic loss due to slaughtering pregnant females includes the wastage of unborn offspring as well as the loss of reproductively functional females. In some cases, the practice of slaughtering pregnant females is performed to provide immediate cash to farmers (Kheradmand et al., 2006) . In other cases, foot lesions, poor body condition, diseased status, and other problems contribute to the culling of pregnant females (Knauer et al., 2007) .
To our knowledge, the extent of reproductive wastage in camels and the reasons for culling breeding females in Algeria have not been determined. Additionally, there is currently no published information concerning the reproductive characteristics of Algerian native camels. The present study was performed to obtain further information on the reproductive status of slaughtered female camels; to evaluate the rate of fetal wastage; and to document reproductive aspects such as ovarian activity, embryonic transuterine migration, and embryonic and fetal loss data in female camels. Abattoirs are an important source of information regarding reproductive characteristics, and collection of abattoir data is particularly helpful for species where the reproductive function of females is difficult to examine clinically under field conditions. Finally, we investigated the relationship between fetal wastage and breed, season and age; we also analyzed the main reasons for slaughtering pregnant females with the aim of reducing the incidence of pregnant camels being slaughtered.
MATERIALS AND METHODS
This study was an observational slaughterhouse survey performed at two municipal abattoirs (El-oued and Touggourt) in southeast Algeria (approximately 600 km southwest of Algiers) over a period of approximately 2.5 years from February 2011 through June 2013. Data and specimens were collected on 174 days, averaging six times per month during the study. For this study, two seasons were identified: The dry season (April to September) and the wet season (October to March).
In Algeria, almost all slaughtered camels are adults purchased from the traditional farming sector. In this study it was difficult, however, to obtain the specific geographic origins and historical data for all culled animals due to the lack of individual animal identification and the animals' associated production records.
Animals
Data were collected from 912 female camels presented by farmers or butchers to the municipal abattoirs. Preslaughter data recorded included reason for culling, estimated age, and breed. Age was estimated using dental characteristics as previously described (Schwartz and Dioli, 1992) . Camels were grouped into the following four categories: a) 3-5 years of age; b) 6-10 years of age; c) 11-15 years of age; and d) ≥16 years of age. Dromedary camels common in Algeria belong to two main phenotypes Targui and Sahraoui (Oulad Belkhir et al., 2013) .
Examination of genital tracts and ovaries
The reproductive tracts from all female camels were removed. Excised tracts were examined visually and by palpation to assess uterine status (pregnant or nonpregnant). Reproductive tracts from non-pregnant females were used for a different study, but tracts of pregnant females were closely inspected to determine the number, viability, sex, and location of fetuses in the uterus. The number of corpus luteum (CL) on the ovaries and their location relative to the pregnant horn were recorded.
Calculation of reproductive parameters
Ovulation rate was calculated by dividing the total number of all CLs present on all ovaries of pregnant females by the number of pregnant females. The rate of embryonic and fetal loss was calculated based on the discrepancy (if any) between of the number of CL on the ovaries and the observed number of fetuses in the uterus. Mean litter size was determined as the total number of fetuses divided by the total number of pregnant females. Transuterine embryo migration was assessed by relating the location of fetus (es) in the uterine horns to the location (ipsilateral or contralateral) of the CL (Alosta et al., 1998) . The approximate gestational age was estimated from fetal crown rump length measured using a standard tape measure. Fetal age was estimated according to the equation established for camels (El-Wishy et al., 1981) : X=2.1(Y+17), where X is the estimated age of the fetus in days and Y is the crown rump length in centimeters. The stage of pregnancy was then categorized as being in the first (<90 days), second (91-180 days), third (180-270 days), or fourth trimester (>270 days). Gestational age was also used to estimate the date of conception.
Statistical analysis
Data were analyzed using descriptive and quantitative statistical tools. Farmer-reported reasons for culling were analyzed using the FREQ procedure, and significance of differences in proportions was determined using the chisquare test. The effect of breed, age category, and season on the proportion of pregnant females, as well as the distribution of CL between the right and left ovaries, were also tested using chi-square analysis. Analysis of variance was performed to determine the effect of number of ovulations on CL diameter. All analyses were performed using SPSS (SPSS. IBM Corp Ver. 20.0), and a P-value of less than 0.05 was considered statistically significant.
RESULTS

Fetal wastage
A combined total of 912 female camels was slaughtered at the Touggourt and El-Oued abattoirs from Age affected the proportion of pregnant females. A lower (P<0.05) rate of pregnant camels at slaughter was reported for camels 3-5 years of age than for camel 6 years of age or older (Table 1 ).
The incidence of fetal wastage varied with stage of gestation. The proportion of slaughtered camels carrying fetuses in the first and second trimesters was greater (P<0.05) than that in the third and fourth trimesters (Table 2) .
Pregnancy characteristics
In pregnant animals, paired ovaries presented with single, double, or triple CL in 177 (89.4%), 19 (9.6%), and 2 (1.0%) females, respectively; the ovulations were unilateral in 192 (97 %) and bilateral in 6 (3%) of females (Fig. 1) . The distribution of ovulations was not different (P >0.05) between the left and right ovaries. Forty eight percent of females had ovulations only from the left ovary, 49% of females ovulated only from the right ovary, and 3% of females ovulated from both ovaries. Mean diameter of the CL of pregnant females was 2.2±0.4 cm but differed (P<0.05) among the single, double, and triple CLs (Table 3 ).
All but one pregnancy was established in the left uterine horn. Fetal presentation was anterior (n = 145 [73.2%]) more frequently (P<0.05) than posterior. From the total number of fetuses in which phenotypic sex could be determined, the male to female ratio in recovered fetuses was 1.32:1 (78 males and 59 females).
Embryonic transuterine migration was observed in 99 of 198 animals (50%). The direction of the transuterine migration of the embryo was from the right uterine horn to the left uterine horn in 100% of cases. Evidence of embryonic and fetal loss was observed in 20 pregnant camels; Table 3 reports 22 lost embryos/fetuses with an overall percentage of embryonic and fetal loss of 10.0%.
Estimation date of conception, determined by subtracting fetal age from the day of fetus collection, indicated that more than 75% of the successful mating occurred from October to March (Fig. 2) .
Reasons for culling pregnant females
Farmers and butchers who presented female camels for slaughter were asked to state reasons for culling. Table 4 lists the major reasons for culling which included (in order of prevalence) old age, poor body condition, metabolic/ infectious diseases, accidents, lameness, reproductive failure, and poor productivity. Other common miscellaneous reasons for culling included items such as nasal discharge and aggressive behavior. In several cases, reasons for culling of the pregnant females were not provided.
DISCUSSION
In Algeria limited data are available on fetal wastage due to the slaughtering of pregnant females in all livestock species. In particular, factors limiting camel reproduction comprise a neglected area of research. The present study is the first to provide comprehensive data regarding the prevalence of pregnancy wastage and reasons for culling of pregnant female camels in the Sahara of Algeria. Our findings revealed that more than 21% of female camels slaughtered over the survey period were pregnant. This result is consistent with fetal wastage of ~24% observed in Nigeria (Ataja and Uko, 1994; Bello et al., 2012) , less than 34.2% reported elsewhere in Nigeria (Abubakar et al., 2010) , but more than the 14.5% observed in Saudia Arabia (Ali, 2010) . The practice of slaughtering pregnant females represents an economic loss to farmers as well as to the livestock industry. Female camels reach their peak productivity between the age of 10 and 15 years, yet in the present study almost half of slaughtered pregnant females were at that age. One potential explanation for this is the fact that younger male camels (which could be slaughtered for meat) generate less total income for the butcher than occurs by sale of meat from older and heavy body weight females. **Our findings regarding fetal wastage are consistent with similar reports from other parts of the world in cattle (Ladds et al., 1975; Ndi et al., 1993; Cadmus and Adesokan, 2010; Alhaji, 2011) and in sheep (Alosta et al., 1998; Kheradmand et al., 2006; Alawa et al., 2011) . These reports documented variable rates of fetal wastage ranging from 2.7% (Alawa et al., 2011) to 62.9% (Ladds et al., 1975) . Slaughtering pregnant females also adversely affects meat quantity and quality (Wythes et al., 1990) .
Breed of slaughtered female affected (P<0.05) the rate of fetal wastage. This is the first report of an effect of breed on the reproductive status of camels slaughtered for meat in Algeria. There is a lack of literature pertaining to breed differences in fetal wastage, but the difference detected in our study could be due partly to different types of farming systems and different husbandry practices. The Targui breed is taller and deeper-bodied, making it more difficult for farmers to visually see pregnancy until the female is late in gestation. Therefore, breed effects should be taken into consideration and examined in future studies.
The high percentage of pregnant females slaughtered during the dry season might be related to the increased liquidation of camels to meet the economic (cash) needs of farmers. Also, the dry season coincides with the period in which a higher proportion of females are in early pregnancy and are more likely to be misdiagnosed as non-pregnant. Our finding is consistent with those of other camel researchers (Abubakar et al., 2010; Bello et al., 2012) . The distribution of fetal wastage in cattle during the dry and wet season (Ndiet al., 1993; Cadmus and Adesokan, 2010) was similar to what we observed in the camel.
Fetal wastage was influenced by age, with the lowest pregnancy rate in female camels slaughtered at 3-5 years of age. This finding is in contrast to that of Addass et al. (2010) who reported that fetal wastage of cattle, sheep, and goats is higher in the younger age groups. This difference between groups could be explained by the comparatively late age of puberty in camels compared with that for cattle, sheep and goats, as well as by the practice of slaughtering older rather than younger camels.
The pattern of fetal wastage across various stages of pregnancy observed in the present study was consistent with the findings of Wosu (1988) who reported that 42.3%, 38.3%, and 19.3% of cows slaughtered in Nigeria were in the first, second, and third trimesters of pregnancy, respectively; however, our results were contrary to the findings of Babatunde et al. (2011) who found that most of pregnant females slaughtered in Nigeria were in the last two trimesters of pregnancy. Other researchers in Cameroon (Ndi et al., 1993) , Nigeria (Muhammad et al., 2007) , and Australia (McLauren, 1975) also reported that second and third trimesters constituted a higher percentage of wasted fetuses. Our findings reflect remarkable fetal losses due to inability of owners to detect pregnant camels by visual inspection alone.This points to a very strong need to improve reproductive management by utilization of ultrasound or rectal palpation for pregnancy determination.
The incidence of multiple CL in the present study (10.1 %) was similar to that reported by other researchers working with dromedary camels: 12.4% (Ghoneim, 1985) , 15% (Musa and Abusineina, 1976), and 17.1% (El-Wishy, 1988) . However, Ali (2015) reported a much higher prevalence of double CLs (44.4%). The mean diameter of CL in the present study (2.2 mm) was consistent with that previously reported in the literature (Zarrouk et al., 2003; Ali, 2015) .
The frequency of unilateral and bilateral ovulations observed in the present study was in agreement with the report by El-Wishy (1988) in which the CLs were unilateral in 93.3% of dams. In our study, the CL distribution was equal between the left and right ovaries, similar to the report of El-Wishy (1988) and Tibary and Anouassi (1997) .
Other researchers reported that the CL is more often observed in the left ovary than in the right (Shalash, 1965; Ghoneim, 1985; Ali 2010) . Interestingly, Yahaya et al. (1999) reported that the highest number of CLs was in the right ovary. In female camels, successful pregnancy following ovulation from the left ovary is more common (Ali 2010) . Consistent with other studies (Shalash, 1965; Musa and Abusineina, 1976; El-Wishy, 1988; TibaryandAnouassi, 1997) , pregnancy was located in the left uterine horn in 99.5% of cases in the present study.
Migration of embryos from the right to the left uterine horn was detected in 50% of females, similar to the findings of Musa and Abusineina (1976) . Transuterine migration frequently occurs in prolific animals, although the mechanism of embryo migration may differ somewhat between species (Tsutsui et al., 2002) . Hypotheses regarding the cause of embryo migration in polyovulatory species such as pigs (Dzuik et al., 1964) and dogs (Shimizu et al., 1990 ) who carry fetuses in both uterine horns cannot be applied to camels who typically carry a pregnancy in only the left uterine horn. Further studies are needed to clarify the factors associated with transuterine migration in camelids.
The male-to-female sex ratio of fetuses in the present study was consistent with the reports of Hussein et al. (1991) and Musa and Abusineina (1976) , but somewhat higher than that reported by Shalash (1965) , Ribadu (1988) , and Bello et al. (2012) where more females than males were observed.
One of the most significant findings from our work was documentation of the relationship between the number of ovulations and embryonic and fetal loss. In monovulatory female camels, embryonic loss was extremely uncommon; contrarily, females with twin and triplet ovulations exhibited embryonic and fetal loss of 45% and 67 %, respectively. Although one could speculate that the failure of transuterine migration causes this loss, the high incidence of intrauterine growth retardation (IUGR) in polyovulatoryanimals occurred by the ninth week of pregnancy (Ali, 2015) suggests either lack of uterine capacity, poor placental implantation, placental crowding and/or some as of yet undocumented mechanism to reduce the number of fetuses to one similar to mares (Ginther, 1989) .
Camels are seasonally breeding animals (Skidmore, 2011) . The peak of the breeding season in the current study (October to March) was consistent with the observations of Sghiri et al. (1999) and Musa (2004) . Our results revealed that more than 25% of matings occurred outside of (from June to October) the natural breeding season. In support of our observation, one study with well-managed camels reported that a number of females showed mating activity outside of the expected breeding season (Arthur et al., 1985) .Various environmental factors such as nutrition (Tibary and Anouassi, 1997; Musa, 2004) , the presence of other females (Wilson, 1984) , geographical location and rainfall (Bono et al., 1989) , and management system are known to modify the sexual characteristics of these seasonally breeding animals.
The overall prevalence of embryonic and fetal loss observed in this study (10.0%) was lower than that reported by Musa and Abusineina (1976) and Ghoneim (1985) . Early embryonic death syndrome in dromedaries has been reported to range from 8% to 32% (Tibary et al., 2006) .
The two major reasons for culling of pregnant females were old age and poor body condition. It is highly unlikely that farmers would knowingly sell pregnant females for meat production; thus, culling decisions based solely on old age must be reconsidered as nearly one-fourth of pregnant females in the present study were slaughtered due to this reason. Poor body condition is a factor that could be potentially prevented by improved nutritional and health care management. Collectively, changes in management could greatly reduce fetal wastage and improve the economic livelihood of camel farmers.
CONCLUSION
A considerable amount of fetal wastage was detected in slaughtered camels in Algeria. The highest rate of fetal wastage occurred during the dry season and during the first and second trimesters of pregnancy, likely due to the difficulty in detecting pregnancy. Furthermore, the actual prevalence of fetal wastage in camels slaughtered throughout Algeria was most likely underestimated by this study due to uncontrolled animal slaughtering and the lack of veterinary oversight of the slaughter process. There is thus an urgent need for more effective strategies and efforts toward adequate ante-mortem inspection. Pregnancy testing in camels presented for slaughter would help to minimize fetal wastage. Slaughtering of pregnant camels is an important problem with high economic impact on livestock farmers and the country as a whole.
